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“How inappropriate to 
call this planet Earth, 

when clearly it is 
Ocean.”  

– Arthur C. Clarke – 

Planet Earth is the ocean planet...  



from Levitus et al., 2004 





Historic Sea Level Rise 

Plots by Robert A. Rohde for 
Global Warming Art:  http://www.globalwarmingart.com/ 

~ 0.25 mm/yr 

Recent rates of sea level 
rise are 10 times larger 
than historic rates. 
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A Typical Weather Chart 





A quarter century of collaboration between NASA and  CNES 



100 fold improvement in 25 years 



TOPEX/Poseidon ground track coverage every 10 days 

January 2000 

Ship observations 



GEOID  OCEAN SURFACE TOPOGRAPHY 



Eastward component of ocean surface current velocity 

Maximenko et al, 
2008 

Richards et al, 2006 

A Model Simulation 





Continuation of Precision Altimetry Series 



Research to Operations 





The Pacific Decadal Oscillation 



The meridional overturning circulation of the North Atlantic (ECCO Analysis) 
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Wunch and Heimback, 2006 

> 200 times of 
the US energy 
consumption 
rate 

Northward Heat Flux (in 1014 watts) at 26º N 

Year 



Sinking by 
gravity 

Rising  by 
mixing 

Reliable prediction of climate change 
requires breakthrough in understanding the 

vertical motion in the ocean 



Egbert & Ray (2000) 
Total tidal dissipation= 1 TW (1012 ) ~ 1/3 US energy 
consumption rate; half of total ocean mixing 



Another 50% of the vertical motion and mixing takes place in 
the upper ocean at scales shorter than 100 km not yet observed.  

Submesoscale fronts and eddies simulated by a 
high-resolution model 



High-resolution wide-swath altimetry will make 
breakthrough in observing the oceanic submesoscale 

Surface Water & Ocean Topography 
(SWOT), a NASA/CNES mission 

recommended by the NRC Decadal Survey 

SWOT 
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Sea Level Rise: a present and imminent impact of 
climate change 

Average Rate ~ 1.8 mm/year 

0.8 mm/year 

2.0 mm/year 

3.2 mm/year 

[Church and White, 2006] 

~ 8 inches 
(20 cm) 



Nerem, 2009 



Spatial Patterns of Global Sea Level Trend 

1993-2008 

From altimetry 

1950-2003 

Reconstruction 
from tide gauges 

Llovel et al, 2009 



Bamber et al, 2009 

Including the effects of self gravitation, elastic rebound of the lithosphere, and 
Earth rotation perturbations but excluding the effects of ocean circulation  and 
other sources of ocean mass. 

Sea level change after instantaneous removal of ice from 
the Western Antarctic Ice Sheet 

A global 
average of 
3.2 m, but 
the highest 
is around 
the US 





Total Sea Level (Altimetry) Thermosteric Sea Level (XBTs, Argo, etc..) 

J. Willis/JPL 



Global Surface Mass Trends Observed by GRACE 2002-2007 
Note ice mass loss in Greenland, Antarctica, Alaska 

(Watkins, 2008) 



Unknown systematic errors 

Predicting sea level 
change is a complex, 
challenging, and 
long-term problem. 

(Wunsch et al, 2007) 

Rahmstorf, 2007 

IPCC 
Projection 

m/yr 



•  Satellite altimetry has revolutionized the study of 
ocean circulation and sea level in relation to climate 
change. 

•  Future challenges: 

•  Observing the small-scale ocean currents that 
determine the ocean’s capacity for regulating 
climate change. 

•  Monitoring and predicting sea level change as a 
multidisciplinary problem (oceanography, 
meteorology, glaciology, geodesy, geodynamics, 
hydrology, etc). 

•  NASA is positioned to set an agency-level focus on 
tackling the sea level problem. 

Closing Remarks 





Coastal Impacts 

Over 2.2 billion people live within 100 km of the coast! 


